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Abstract. Searchedor R-parity violating supersymmetryith the D@ detectorat the Fermilab
Tevatronpp-colliderarepresentedn the caseof non-zera LE couplings/ jjx 0 01, multi-lepton
nal states,andfor a small coupling/ 12> 001 di-muon nal statesare studied.The caseof
non-zeroLQD coupling! ,,, leadsto nal stateswith two muonsandjets.

A total integratedluminosity of 0 38 fb ! collectedbetweenApril 2002 and August 2004 is
utilized. The obsened numbersof eventsarein agreementvith the Standardviodel expectation,
andlimits onR, supersymmetrarederived, extendingsigni cantly previousbounds.
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INTRODUCTION

Supersymmetry(SUSY) predictsthe existenceof a new particle for every standard
model(SM) particle,differing by half aunitin spin. The quantumnumberR-parity [1],
de®nedasR 138 L 25 yhereB, L andSarethebaryon,leptonandspinquantum
numbersjs 1 for SM and 1 for SUSY particles.Often R-parity is assumedo be
consered, which leaves the lightest supersymmetrigarticle (LSP) stable.However,
SUSY doesnot requireR-parity conseration. If R-parity violation (Rp) is allowed,the
following trilinear andbilineartermsappeaiin the superpotentig2]:
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wherelL andQ aretheIeptonandquarkSU(Z)doubletsuper®eldsandl7§} US\ A denote
thesinglet®elds.Theindiceshavethefollowingmeaningi j k 1 2 3=familyindex;
a b 12=weakisospinindex;x y z 1 2 3=colorindex. Thecouplingstrengths
aregivenby the Yukawa couplingconstantd | and/ . Thelastterm, mL;H1, mixes
the lepton and the Higgs super®eldsThe | and/ couplingsgive rise to ®nal states
with multiple leptons,which provide excellentsignaturesat the Tevatron.All analyses
presentedhererequirethatonly oneRp couplingis of signi®cantsize,sincestrictlimits
exist ontheproductof two couplings,.e.from theprotonlifetime [3]. A detailedreview
of R, SUSYis givenin [4].

Thedatafor this analysiswererecordedy the D@ detectoetweenApril 2002and
August2004 at a centerof-massenegy of s 196 TeV. The integratedluminosity
corresponds$o 380 25 pb 1. A detaileddescriptionof the D@ detectorcanbe found
in [5].
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Gaugino pair and associatedproduction

The chaginos and neutralinosare producedin pairs or associatedThe produced
sparticles(cascadelecayto the lightest neutralino Ef. When assuminga non-zero
LLE coupling, thenthis neutralinodecaysinto two chaged leptonsand one neutrino
by violating R-parity. The®nal statethereforecontainsatleastfour chagedleptonsand
two neutrinoswhich leadto missingtrans\erseenegy (Et) in thedetector

This analysisrequiresthe prompt decayof the lightest neutralino 68, so that all
particlesoriginatefrom the samevertex, leadingto the constrainthatthe corresponding
LLE&coupIing(I 121, | 122, Or I 133) is largerthan 0 01.For bestacceptancegnly three
chaged leptonsare requiredto be identi®ed. Threedifferentanalysesare performed
dependingnthe avorsof theleptonsin the®nal stateeel, mm, ee , with| e m All
threeanalysesreoptimizedseparatelysingSM andsignalMC simulations Detailsof
theselectionandtheanalysesanbefoundin [6].

Sinceno evidencefor R,-SUSY is obsered in tri-lepton events, the analysesare
combinedUpperlimits onthechagino andneutralinopair productioncrosssectionare
set.Lower boundson the masse®f the lightestneutralinoandthe lightestchagino are
derivedin mSUGRAandin anMSSM scenariavith heary sfermionsput assumingio
GUT relationbetweernthe gauginomassed; andMo. All limits asshowvnin Fig. 1 are
themostrestrictve to date.
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FIGURE 1. Crosssectionlimit for threedifferentLLE couplingscomparedto the mSUGRA cross
sectionprediction (left). Within mSUGRA with relaxed gauginoGUT relation exclusion contoursfor
eachcoupling! 121, | 122, I 133in the m(éf)—m(@i) planearederived(right). [6]



Neutral long lived particles (NLLP)

Here,a small LLFLB\coupIingl 122 is assumedeadingto long neutralino&‘l) lifetimes
anda displaceddi-muonvertex. The primary vertex wasreconstructedisingall tracks,
exceptthoseassociateavith muons.The primaryvertex is requiredto bewithin 0 3 cm
of thebeamlinaen x andy andwithin 60 cm of thedetectorcenterin z. Two muonsmust
originatefrom the samesecondaryertex, thatis displaceds 20 cmwith respecto the
primaryvertex. Detailscanbefoundin [7].

This analysisis sensitve to neutral, long-lived particlesdecayingto nm#X. The
backgroundis estimatedto be 075 11 (stat) 11 (syst)events.No eventswere
selectedanda limit on the productof NLLP pair productioncrosssectiontimesdecay
branchingfractioninto mm X is setasa function of the lifetime. The 95% CL cross
sectionlimit for amassof 10 GeV andalifetime of 4 10 1sis0 14 pb. Theresultas
showvnin Fig. 2 excludesaninterpretatiorof the NuTeV excesg8] of di-muoneventsin
alarge classof models.
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FIGURE 2. Crosssectionlimit with 95% CL. Theinterpretationof the NuTeV excessin thedi-muon
channehrisingfrom the decayof neutrallong lived particlesis shovn aswell andcanbeexcluded.[7]

ResonantSecondGeneration Slepton Production

The LQIﬁ\ coupling offers the opportunityto producesleptonsin p A-collisions as
resonanceg-or a non-zerocoupling/ ,,, this is eithera smuonor a muonsneutrino.
The sleptoncascadelecaysnto the Iightestneutralino&f andassociatedeptons.The
neutralinodecaysvia the sameR-parity violating coupling/ ,,; into a 2"d generation
leptonandtwo jets. The crosssectionis proportionalto / ,;; 2 sothatlimits on this
couplingcanbederived.

Three resonantsleptonchannels(i) m  &¢9m (i) m  &9;,m and (i) iy
C, , mresultingin di-muonandmulti-jet ®nal statesfor neutralinodecaysﬁf m A
are analyzedseparatelyFor the further discriminationof the signalandthe Standard



Modelbackgroundtheanalysesnake useof thepossibilityto reconstructheneutralino
m 58 m mq g andthe sleptonm | m mmq q massesMore detailscanbe
foundin [9].

In the absenceof an excessin the data, crosssectionlimits on resonantslepton
productionwere set. To be as model independents possible,limits with respectto
the sleptonproductioncrosssectiontimesbranchingfractionto gauginoplus muonare
calculated Theresultsareinterpretedwithin the mSUGRAframewnork with tanb 5,
m 0,andAg 0 andanexclusioncontourw.r.t. | 5,4 is derived. All threechannels
werecombinedto form onelimit for g4 . Lower limits for the sleptonmassof 210,
340and363GeVindependentf othermassesareobtainedor / ,,; valuesof 0 04,0 06
andO 10, respectrely, asigni®cantimprovementcomparedo previousresults.
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FIGURE 3. Crosssectiontimes branchingfraction limit for the process dl'fm(left). All three
resonantslepton production channelscan be combinedwithin mSUGRA and are translatedinto an
exclusioncontourwith respecto the LQD couplingstrength/ ,,, (right). [9]
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